Institutional-based studies of infective endocarditis (IE) are limited by referral bias. Longitudinal population-based data were used to overcome such bias to provide a contemporary profile of IE and specifically investigate the importance of health care-associated IE and age.
Introduction
The epidemiological and clinical characteristics of infective endocarditis (IE) continue to evolve 1, 2 as highlighted by several population studies performed between 1970 and 2000. 3 -5 In particular, significant changes in microbiological isolates, surgical rates, and outcomes have been observed. However, the most recent clinical reports of IE have been based on either single-centre experiences or data from an international registry predominantly reflecting disease and treatment characteristics of referral centres. 6 -8 Information from such sources may not represent an accurate gauge of current patterns of disease. The aim of the present study was to provide an updated epidemiological and clinical profile of IE in the 21st century based on a large population-based sample in Australia, representing the largest reported population-based sample to investigate health careassociated IE (HAIE). We identify that IE is increasingly a disease of the elderly, with a significant and steady contribution from HAIE.
Methods

Patients and setting
New South Wales is the most populous state in Australia and has an average population of 6.6 million with approximately 80% of the population over the age of 18. It contains extensive demographic data and clinical data related to each hospital episode including medical diagnoses (indexed using ICD-10 codes), comorbid diseases, risk factors (e.g. intravenous drug use), microbiological data, complications (e.g. heart failure), and surgical data. It was also used to identify health care episodes preceding the index admission for IE, as well as track subsequent admissions for recurrent IE or valvular surgery. The Registry of Births, Deaths and Marriages, and Australian Bureau of Statistics were used to collect additional clinical data such as causes and dates of death. Severe embolic events were defined as that resulting in permanent disability, organ dysfunction, and/or requiring emergency surgery. We employed a modified definition of non-nosocomial HAIE: episodes of IE diagnosed in the setting of extensive health care contact as evidenced by (i) hospitalization in an acute care hospital for ≥48 h in the 90 days before the index admission for IE, (ii) residence in a nursing home or long-term care facility, or (iii) attendance at a haemodialysis clinic or intravenous therapy in a hospital clinic within 30 days of the index admission.
11 Notably, episodes of HAIE potentially related to ambulatory health care exposure (e.g. intravenous therapy and wound care at home), and in-hospital nosocomial episodes of HAIE (defined as IE developing in a patient hospitalized for ≥48 h prior to onset of IE) were excluded because they could not be readily identified on the basis of the available data.
Outcome
The study outcome was all-cause mortality during follow-up. Survival status was determined using data from the Registry of Births, Deaths and Marriages and the Australian Bureau of Statistics. Patients were censored according to their status at the time of last contact.
Linkage and validation of data
Data from the Admitted Patient Data Collection, Registry of Births, Deaths and Marriages, and Australian Bureau of Statistics were linked using common variables such as name, address, sex, and date of birth. Linkage was carried out at the Centre for Health Record Linkage using a probabilistic record linkage method (ChoiceMaker Technologies Inc., New York, NY, USA). Both exact and automated 'blocking' algorithms were used to identify definite and possible matches. Standardized 'scoring' algorithms were then used to ensure that false links were kept to a minimum. This data linkage method has been previously validated, with false positive and negative rates of 0.2 and ,0.1%, respectively. 12 In addition, the specificity of the diagnoses of IE and HAIE was assessed by comparing the data from the population data set against a hospital database of cases where the diagnoses had been confirmed using medical records on the basis of the Figure 2 Incidence of endocarditis by age and sex in the study population. Contemporary profile of endocarditis modified Duke criteria. 13 Details of this hospital database have been previously reported in detail. 14 
Statistical analysis
Incidence rates were assumed to follow a Poisson distribution. The adult population (≥18 years) of New South Wales was considered at risk, and age-and sex-specific population data were obtained from census figures. 9 Temporal trends during the study period were assessed using a Poisson regression model for incidence rates, Spearman rank correlation coefficient for continuous variables, and Mantel -Haenszel x 2 test for categorical variables. Univariate comparisons between patients with HAIE and non-HAIE were determined by Fisher's exact test, Kruskal -Wallis test, or independent samples t-test as appropriate. Mortality was compared between groups using Kaplan -Meier analysis and multivariable Cox-regression analysis including variables previously identified as predictors in the literature. 14 -16 Variables were confirmed to fulfil the assumption of proportionality using a partial residual method. 17 For all analyses, a two-tailed P-value of ,0.05 was considered significant. Analyses were performed using SPSS 16.0 for Macintosh (SPSS Inc., Chicago, IL, USA).
Results
Incidence
During the study period, 1536 consecutive adult patients were hospitalized with a primary diagnosis of IE with a median follow-up of 35 months (IQR 15-53 months) ( Figure 1 Figure 2 ).
Cohort characteristics
Patient characteristics were similar to contemporary reports 3, 4 and are presented in Table 1 . In particular, left-sided IE was present in 89% of patients, prosthetic valve infection was present in 13%, and Staphylococcus aureus was the most frequent causative microorganism. Surgery was performed in 20% of patients and the in-hospital and 6-month mortality were 14 and 18%, respectively.
Temporal trends
During the study period, the annual incidence of IE did not change significantly ( Table 2) . Patients with IE were significantly older in the latter years of the study period, but all other patient characteristics and outcomes remained stable.
Health care-associated infection
Non-nosocomial episodes of health care-associated infection (HAIE) were identified in 463 patients (30%) corresponding to an average annual incidence of 1.5 per 100 000 (95% CI 1.3-1.6). Recent hospitalization in an acute care hospital in the 90 days before the index admission for IE accounted for 86% of these suspected cases. Compared with non-HAIE, patients with HAIE were more likely to be older and have comorbid diseases such as diabetes and chronic renal impairment (P , 0.001, Within subset of patients (n ¼ 1384) with .6 months of follow-up data available. Recurrent IE refers to a second distinct episode of IE requiring hospital admission during follow-up. Delayed surgery refers to valvular surgery performed beyond the index admission.
was a more frequent complication in patients with HAIE, but surgery was performed in a similar proportion of patients in both groups.
Most notably, mortality was significantly higher in patients with HAIE ( Figure 3) . Even accounting for baseline differences, HAIE was associated with an adjusted hazard ratio for all-cause mortality of 1.62 (95% CI 1.34-1.96, Table 4 ).
Discussion
This longitudinal study of a population-based sample provides a unique contemporary profile of IE in a developed country, and is the largest population-based report to specifically investigate HAIE. Our data support the results of registry data indicating that IE is increasingly a disease of the elderly, and that a considerable proportion of IE cases represent potential health care-associated infections. Moreover, HAIE appears to be a distinct entity from non-HAIE with higher rates of complications and mortality.
Contemporary studies of IE have been derived from either single-centre experiences, population-based surveys, or international registries, each with its own limitations. Single-centre studies are prone to bias related to local practice and referral patterns. International registries are unable to provide a true incidence of disease and may also be affected by referral bias particularly if the participating centres are predominantly large referral centres. Longitudinal population studies using a record linkage system have been increasingly used to provide accurate data on disease incidence, characteristics, and outcomes in cardiovascular diseases since they provide large data sets that are relatively unencumbered by referral bias. 18, 19 A significant proportion of cases in the present study were identified as having recent health care exposure consistent with other reports of IE. 4, 6, 20 Cases of HAIE were characterized by older age and a higher incidence of comorbid diseases such as diabetes and chronic renal impairment. Although infection with Staphylococcus aureus occurred at a similar frequency compared with non-HAIE cases, they were more likely to be related to methicillin-resistant strains. Enterococcal isolates were also observed more frequently. In addition, patients with HAIE were more likely to develop complications such as heart failure and severe embolic events. The higher complication and mortality rates associated with HAIE are explained in part by the frailty of the host (related to advanced age and comorbid disease) and microbiological characteristics of the pathogen (especially in relation to antibiotic resistance). Other researchers have also observed that HAIE results in a more acute course of infection as evidenced by a lower rate of splenomegaly and less evidence of systemic inflammation at the time of presentation when compared with community-acquired IE. 20 However, HAIE has been consistently found to be an independent predictor of increased mortality even after adjustment for baseline heterogeneity and other known predictors of outcome, 20, 21 which suggests that there are undetected host-pathogen factors specific to HAIE that should be the subject of future research. It is noteworthy that a relatively narrow definition of nonnosocomial HAIE was used in this study because of the limitations of the available data. In particular, we excluded inpatient nosocomial episodes of HAIE which may account for up to 50% of cases of HAIE. 20 Therefore, the true magnitude of HAIE is likely to be even greater than the 30% reported in the present study. Moreover, the gravity of HAIE may also be underestimated since nosocomial HAIE is associated with an even higher frequency of methicillin-resistant Staphylococcus aureus infection and complications such as heart failure and in-hospital death. 20 Nevertheless, the present findings confirm previous notions that HAIE should be considered a distinct disease entity with a markedly increased risk of adverse outcomes. 20, 22 They also highlight the urgent need to develop preventative strategies at a public health as well as at a local institutional level to reduce the frequency of health care-associated infections. Another important clinical observation was that the median age of patients with IE increased significantly over the study interval, a finding that was not adequately explained by ageing of the overall population in New South Wales during the same time period. 9 Moreover, other studies that have evaluated IE characteristics over time have also alluded to a trend towards older patients developing IE. 3, 23 This may be related to a shift in the risk factors for IE towards those which occur more commonly in older patients such as degenerative valvular disease and healthcare exposure. 2, 24, 25 In this context, the increasing age of patients with IE may become the major determinant of disease characteristics in the future. For example, older patients have lower rates of embolism, septic complications, and immune-mediated phenomena and yet have higher rates of abscess formation and mortality. 25 Therefore, the clinical utility of diagnostic criteria may need to be revised and the indications and utility of invasive surgery need to be formally evaluated in the elderly with IE. Several additional observations can be made when the data from the present study is interpreted in the context of data from previous epidemiological studies of IE ( Table 5) . Based on populationbased studies from the last two decades, it is evident that the incidence of IE has remained stable at approximately 3.0-7.0 new cases per 100 000 person-years. . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... use are consistently reported in population-based studies compared with single-centre studies or international registries. Regional variation in the microbiological profile and the rate of surgical intervention is also apparent. Nevertheless, Staphylococcus aureus is the most common causative organism in developed countries. The overall high incidence of methicillin-resistance among Staphylococcus aureus isolates in this study is corroborated by data from an international registry showing that methicillinresistant strains account for approximately 30% of Staphylococcus aureus isolates. 20, 22 However, the relatively high frequency of methicillin resistance (18%) among non-HAIE cases in this study was somewhat surprising and may reflect regional variations in resistance patterns 26 or misclassification of some nosocomial cases of IE within the non-HAIE cohort due to limitations of the data collection. Nevertheless, the study confirms the emergence of methicillin-resistance in cases of Staphylococcus aureus IE that has implications for the empirical management of IE and particularly HAIE where methicillin-resistance is the highest. Finally, mortality in IE remains high with approximately one in five patients dying from the disease in the short-to-medium term.
The main advantages of the present study relate to the size and representativeness of the sample. Several measures were undertaken to reduce the effect of bias known to affect population-based studies such as case ascertainment bias, disease misclassification, and outcome detection bias. The data linkage method used in this study has been validated with a low false positive and false negative rate. 12 The population data set was also internally validated against a previously reported hospital database 14 where the diagnosis of IE had been confirmed using medical records on the basis of the modified Duke criteria. 13 On cross-validation, the diagnosis of IE had a sensitivity of 96% and a positive predictive value of 87%. The study diagnosis of health care-associated infection had a specificity of 92% and positive predictive value of 88%. However, the use of primary ICD-10 coding to identify cases raises the possibility that the true incidence of IE and in particular HAIE may be higher. Data were complete for all assessed variables except microbiological isolates where data were unavailable in 15% of cases. In addition, potential prognostic factors such as immunosuppression could not be included in the multivariable analysis because it was not collected in the source database. Although the population data set captured all surgical episodes within New South Wales and mortality was determined from two different sources, underestimation of event rates may relate to the movement of patients outside the geographical boundaries of the data collection. Assessment of longer term outcomes such as 6-month mortality, re-infection, and delayed surgery was also limited to those patients who had ≥6 months of available Figure 3 Kaplan -Meier analysis comparing survival in patients with health care-associated endocarditis (HAIE) and patients with non-HAIE.
Log-rank P-value is provided. Fonager et al. 5 Cabell et al. 7 Hoen et al. 4 Tleyjeh et al. 3 Sy et al. 14 Murdoch et al. follow-up. Finally, global variations in the pattern of IE may limit the generalizability of the data. 6 In conclusion, this study provides an updated profile of IE that serves as a reference for evaluating the effect of future changes in practice guidelines for IE. It also provides an important community-based validation of international registry data confirming the importance of older age and health care-associated infections in IE.
